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(54) [MAGE SENSOR AND ITS DATA PROCESSING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To read the accurate signal charge value by correcting the total value of 
leakage charge that is added to the signal charge value flowing out of the pixel which is being read by a 
plane type image sensor having a two-dimensional matrix structure. 

SOLUTION: A reading operation is carried out while all switches are kept in the OFF states in terms of 
a correction cycle, and the initial value of offset correction value due to the leakage charge value is 
calculated as the offset correction value. Then the reading cycle of the i-th line (the initial value of i is 
1) is carried out and the offset correction value is subtracted from the read charge value to decide the 
data charge of the i-th line. On the basis of the data charge of the i-th line, the charge value with 
which the stored capacity of the i-th line attributed to the leakage charge value is decided. This charge 
value is subtracted from the offset correction value to update the offset correction value. This action 

is repeated (i set successively at 2, 3 m) to successively decide the data charge of the i-th line and 

to decide the data charge of all pixels. 
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English Translation of what is presently 
understood to be the relevant passages of Japanese 
Unexamined patent publication No, 2000-324401 



The following is an English translation of what 
is presently understood to be the relevant passages of 
the above-identified publication. 

The above publication relates to a plane image 
sensor having a two-dimensional matrix structure that 
obtains the image data by converting the light into 
charges stored and relates to its data processing method. 
The above publication is suitable for a CCD, MOS sensor, 
or other devices and is suitable especially for an X-ray 
sensor . 

Figure 3 is a schematic diagram showing a general 
image sensor having a two-dimensional matrix structure. 
In this image sensor 48, provided on a glass substrate 50 
are a photoelectric conversion layer 54 and a bias 
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electrode 52. The photoelectric conversion layer 54 is 
formed by a selenium for example. The bias electrode 52 
is formed by a conductive layer such as metal film that 
transmits the light (X-rays). On the surface of the glass 
substrate 50 that is on the side of the photoelectric 
conversion layer 54, provided are pixel electrodes 56 
that are disposed in a matrix manner, accumulated 
capacity 17, switching elements 18, scanning lines - 
(column lines) 10, and read-out lines (row lines) 12. The 
scanning lines 10 and the read-out lines 12 are connected 
with a scanning line driver 14 and a read-out circuit 16, 
respectively . 

The pixel electrode 56 is connected with the 
read-out line 12 through the switching element 18. The 
switching operation of the switching element 18 is 
carried out in response to a signal sent from the scanning 
line 10. Accordingly, in the case of a thin film 
transistor (hereinafter referred to as TFT) generally used 
as the switching element, the source terminal, the drain 
terminal, and the gate terminal of the TFT are connected 
with the pixel electrode 56, the read-out line 12, and 
the scanning line 10, respectively. Note that the 
following description deals with the case where the TFT 18 
is used as the switching element 18. 

Figure 4 is a sectional view taken along line A-A 
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of Figure 3. An opposed electrode 60 (auxiliary 
electrode) is provided in a position facing the pixel 
electrode 56 through an insulating film 58. An 
accumulating capacity 17 is formed between the opposed 
electrode 60 and the pixel electrode 56. The opposed 
electrode 60 is wired so that a common reference voltage 
Vref is applied to every pixel 22. The bias electrode 52 
is provided so that a high voltage such as a few handled 
voltages can be applied with respect to the opposed 
electrode 60 . 

When a photon 68 is incident on the side of the 
bias electrode 52, the photon 68 that has transmitted 
through the bias electrode 52 causes to generate an 
electron-hole pair in the photoelectric conversion layer 
54. When a voltage having a positive polarity is applied 
to the bias electrode 52, holes move toward the pixel 
electrode 56. When a voltage having a negative polarity 
is applied to the bias electrode 52, electrons move 
toward the pixel electrode 56. This allows the holes or 
electrons to reach the pixel electrode 56 in a position 
corresponding to the incident of the photon 68. The holes 
or electrons are held by the accumulating capacity 17. 

The holes or electrons held by the accumulating 
capacity 17 (hereinafter referred to as signal charges) 
moves to the read-out line 12 when the TFT 18 is in an ON 
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state. The signal charges are read out by the read-out 
circuit 16 connected with the read-out line 12, 

When the scanning line driver 14 outputs a signal 
of high level to a predetermined scanning line 10, all 
the TFT s 18 connected with the scanning line 10 turn ON. 
This allows the signal charges held by each accumulating 
capacity 17 moves to its associated read-out line 12. When 
scanning line driver 14 consecutively outputs a signal of 
high level to each scanning line 10, the data of all the 
pixel electrodes 56 so as to read the image data 
corresponding to one page. Note that the operation of the 
switching is dealt with in accordance with the positive 
logic so that the switch turns ON upon receipt of a 
signal of high level. However, it is well known that the 
similar operation is carried out even in . the case of the 
negative logic. 

The following description deals with the read-out 
circuit 16 for use in the foregoing image sensor 48. 
Figure 5 is a circuit diagram showing a basic structure of 
a charge sensitive amplifier (hereinafter referred to as 
CSA) 20 that is used for reading out the charge amount. An 
inverted input terminal and an output terminal of an 
operational amplifier 20a are connected with each other 
through a feedback capacity 20b, thereby forming a 
feedback circuit. A reset switch 20c is connected in 
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parallel with the feedback capacity 20b* The reset 
operation can be made by discharging the electric charges 
accumulated by the feedback capacity 20b. The read-out 
line 12 is connected with the inverted input terminal of 
the operational amplifier 20a and the reference voltage 
Vref is applied to its non-inverted input terminal. The 
following description deals with the case where the 
reference voltage Vref is grounded as long as no specific 
explanation is made. 

Figure 7 is an equivalent circuit for reading out 
a single pixel 22 including the TFT 18 and the 
accumulated capacity 17. Figure 8 is a timing chart for 
the read-out operations and is also a graph showing an 
output voltage of the CSA 20. In Figure 7, the pixel 22 
is assumed to be connected with a scanning line lOi (a 
scanning line 10 of the i-th column) and a read-out line 
12 j (a read-out line 12 of the j-th row). In Figure 8, 
G(i) indicates a signal to be outputted to the scanning 
line lOi, and Rst indicates a signal to be outputted to 
the reset switch 20c. 

The read-out operation starts by turning ON the 
reset switch 20c. This allows to discharge and reset the 
electric charges accumulated by the feedback capacity 20b 
so that the output voltage of the CSA 20 becomes Vref 
(GND) (period A). When the high level signal of G(i) 
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allows the TFT 18 to turn ON, the signal charge ( -Q ) 
accumulated by the accumulated capacity 17 moves to the 
read-out line 12j, thereby resulting in that the signal 
charge (-Q) appears on one of. the electrodes of the 
feedback capacity 20b with which the inverted input 
terminal is connected and that the signal charge (+Q) 
which is the same charge amount as the signal charge ( -Q ) 
and the polarity reverse to the signal charge (-Q) appears 
on the other electrode of the feedback capacity 20b. Thus, 
the output of the CSA 20 becomes a voltage that is 
obtained by dividing the signal charge Q by the capacity 
of the feedback capacity 20b (period B). By reading out 
such a voltage during a period (i.e., period C) until the 
next read-out cycle starts, it is possible to detect a 
signal charge amount as a voltage. Note that the voltage 
exponentially changes in general, but in Figure 8 the 
voltage linearly changes for the convenience sake. The 
following description are made under the presumption as 
long as no specific explanation is made. 

The following description briefly deals with a 
method for reading out. a voltage that is so-called a 
Correlated Double Sampling (hereinafter referred to as 
CDS). If the read-out circuit system including the TFT 18 
is perfect, the voltage that has been read out during the 
period C must correspond to the signal charge amount with 
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precise. However, in actual, the output signal of the 
CSR 20 does not perfectly become Vref (GND) during a 
period D between the periods A and B, thereby causing an 
offset voltage. The following are the reasons why such an 
offset voltage occurs: (a) an offset voltage of the 
operational amplifier 20a itself; (b) 124/f noise that is 
a noise which the operational amplifier 20a itself 
generates in the lower frequency band; (c) a feed-through 
phenomenon occurred when the reset switch 20c of the CSA 
20 is constituted by MOS switches; and other reasons. 
The feed-through phenomenon is the phenomenon that is 
essentially peculiar to the MOS switches. According to 
the phenomenon, the channel charges bound during an ON- 
state by ' the capacity formed between the gate and the 
source and by the capacity formed between the gate and 
the drain are released in response to the decrease of the 
gate voltage so as to flow toward the circuit of the drain 
and the gate . 

According to the CDS, the voltage of the CSA 20 
is read out in accordance with the timing shown as Smp 1 
and Smp 2 in Figure 8 and the difference between the 
voltages that have been read out in accordance with the 
timings Smp2 and Smpl is found so as to find the voltage 
charge amount (i.e., the change amount of the voltages) of 
the CSA 20 with precise. An offset voltage during the 
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period D can be removed by the CDS. More specifically, by 
carrying out the CDS, it is regarded as equivalent that 
the voltage is read out only once during the period C in 
an idealistic circuit system in which the offset voltage 
becomes zero during the period D. 

The following description is under the 
presumption that the CDS is carried out as long as no 
specified explanation exists. In order to make the 
description simple, the following description deals with 
the case where the voltage is read out only once during 
the period C in an idealistic circuit system that can be 
regarded as equivalent by carrying out the CDS. 



All the Claims of the present invention are seemed 
to be related to the above-mentioned Japanese Unexamined 
patent publication No . 20 0 0 - 3 2 4 4 0 1 . 
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TWJWUDiS'r. -CTn ST^y^T-S^S^-fey 
bifIEflltt*©iailI©«E»8l t) JBJHCfcttS JB 3 y 
7^:<fct>Mfr£ft£tf 7-fey hifIEfe£fl§v , >3©"£N fit 

bT^fca#S*Mi:bT#:SEbTtil^*>0© (2T7-fe 
y b©«g§ii»bTI±@iibTMi> > '5c©T-) , C©£:£© 
3f7-fey b*iEtttt*fT®»»«i?)«fK:*H-S*Kffl» 
ft*«r©*CIBi5LTv*Si:**.Ti:v». c:©fe«6. & 

[0 02 5] *fMB©W#H 2 (cA^Htt-ir >1f©7 : - 

^jaa*ffii±, 2 »:7c^j«ig©ia^-fe ^-©y-* 

-©R^!>HHIfcln*.«£i:CJ:!>a'7-fev HUM 
©SOgBffiSr&^-ra^lT^yT**^ SUffCR**!) 
ffl«Ht:*i^TH:» fflW7-k» MiiE«c;J:5*7-by 
MKEfcfr-sTs r-^tliIS^t«i27f'y7' 
W^2*7 l y:/T^*ftfcSBlfT©7 r --*«W 

SA»e>^ifT©Bi^* s 2i'7-fey hanEfSic^-i/rv^ 

*£%£U ft©a-7tf M*IEflH>»e>2L5l<£fc'C 

&©fT©tf7-fey htilEte.t.'fZ&ZXT-yzrt.* 8512 

fe^^nfcS©^©^— *&Sc#3fc^fc^ &©fr© 

b> 6>iifcttS*rfe&a"7-fef hMIEffi©^ 

{Si:bTfflv>2)^4^7 1 y7'i:, -t©»:©fT©K*aSlD 

bT#7-t?y MiiEftff-aT* ^-^ww***** 
©t 1 -**^** &*SRff©iB*a | *7-fe y Mt imc 

**LTV^fc«feft£U 5fc©*7-fey HflM*?)* 
b§l< Ci:T-^©*©(T©*7-fey hMiEfB^t" 5^6 

[0 0 2 6] ±13075 tSTrtt/ *fT©tt»8lD fc*7-t 

»MiEfiS©ji«fi s iii««!)SbtTi3n5Sft»t j c* «ffc 
try ~-©^l*DJilJ8£flnx5-£:T% HPg©iift« 
S5^53i:i:J:5*7-b^ bMIEffi©M«f*ff -5 

IEfi©Hff5ff-5lS-&Jis #7-fey MiIE(B©IISfB#(c 
KSfcfttr. c©^tt3^tf«DS£n.*ci:£J:0 



t»«»fcas«t^'f s. >y-e^-©BcWRt>raJHfc 

fcfr* -5 CktJ: 0*7 -fey UHEtttsS 6CK«f bt 
[0 0 2 7] *»B^©if*]l 3 CffiSBift-fe Vlt©^- 

«»©w«s«©*n*ni:*w y^fs^ttM 

Sft&M»8l R»6»8l5»i:SBli*n*lH*© 

fctttit*7t» MflEfiti: l>-C*©*HHfcis^TH 
jR©«Hf«SS8*Bi5W©*7-fey MtlEfcffl^Sii: 

[0 0 2 8] ±i3©:£i£T-fct. ^-^^Sl^S^t^ 
-Y •y^-* : f* s ±T*7©ttJII"CBE»ai!)ftff"5c:4:t:J: 

5, *^>f y^-jR^ar^ottffi-c^rsnnfWif© 

fcilEffihf Si:> »©»Blfflt*V>TiI^©S?ta&Sc* 

-fey HflEttCiDWiEftff-Scfc^ lEWtef*— *« 

[0 0 2 9] fr&W(Dm$^4fc&zm@i±>-V-<Z)7 : -- 
**!H#Stt» It* 1 ! 3 ©il^-fe Vti-O^-^iiOSS" & 
tZ&'^Tx gk (ktt2«Lh©a*S») @g©li^©M 
**•>©»£«:/* (k-1) @g©Sl^lRt>T-f#fcm 

2T7-fey \-ffim*ffoZtiz£*),.m&.®m7 : -t'$:Wi 

[0 0 3 0] ±!3©^&T-ttx ftBBJlSy— ^©K*Bll» 

7-fey h4fiEffl[tt«C«E*8l5*ffb*T'"C''^ v ^B0* 
(S^^TVSil*) *»e>©il*xflE50ffilot:ta^. 

-fe y HiiEtttii-aTWiEftff-S c fcCJ: !)»lciE«ft 

[00 3 1] *»^©W*S5t:«S.lffllfc-fe>'y-ffl5 !: - 
^ilia^SB:. »3»S3 ifctt 4 ©Bi^-feV-y-©^-* 

BflCWIB^-f y^?* 5 ^-C^7©tt«iT-SI^BSlt) frh- 
dWIBftRtJ-T, c©WBBt:R»Bie>n&«W***7 
-fey bMiEfil-i:bT*0WP^lwi*^TliS0^fi*Sc 
*Bl4BR©*7-by HfiiEtfflv^c bo. 
[0 0 3 2] ±E©»atTfit, S*^-f y^^?* s ±t 

fc(r«t9x 3T7-fey h«iEfii{3^bfc^?: + ^>-fe'' l/ 
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-5. 

CO 0 3 3] *&w<DmmR6izmzm&-i:>y-& s §f 
&m i u 5 ©i^ft^t^©^-*^;^^ 

[0034] ±§3©filf£T-fct, a^QI 1 ftn^ ©of 
[0 0 3 5] 

l9m<DXK.Qmm **W©l9fi©Hfc»fc:T3^Tig 

[ 0 0 3 6 ] m 2 tt, 2fgWS®jgS8c«5IHHr>1f© 
#lfflfl*fe>tfttm*©;£3HSi (fjn) x 
0*iOfn*®R»9it)jR C9U«R> 12fc (m, nfctg 
*») x mxnffl©fi 1 jij«i:EB*nfciiiJH2 2ft*b 

H2T-tt^j?US (jttlJSLh, nttTCI 
HB*2 2Cffi^r*»^ttf!6*C!)ft||!rC* 

^TKi»tffl^fcia3*ij;via4 4:iBiai©fl| i ji-( ?fe », % 

C0 0 3 7] £3£m OO^ifrg (ittlfeLt, m« 
T©fflR) fc««3ftTl*5Mre*17««S*c 
i *'J:ifTFT U-fy**?) 1 4:' 
*^"o erS^MCi ©-#©««K:ttaBMMftVref 
tftfiOSftT*!), flSSTOWSttyWy^Ti 
C«tt*ft-C^3. ^-fy?-Ti ©KU-f>tt«KJWfc 

5*i2taii*nT*D, y-n±#jtaaiiofcft 

«*ftTl*S. ^gfci 0ttj£28lg|bgi 4lz&|£$ 

ft-a > «. 5 *g 1 2 t±tt*% & [ass («*tgg*a 

1 6l:f^ T ^ 5 cSA2 0©X*CSO8 

*n-c* 5 , c s a 2 o ©m*tt*ffii6*«i d§bi 6 

a£8$c£ftT^3. 

[0 0 3 8] CSA2 0tt«6*©ft«fc:* l ^ gMBt:ffl • 

£M2 0 b*J:VU-fey 3,^2 0 cft#LT^ 
5o »JWI«S2 0a©^S|EA*t:ttaW*ffi 

VrefMMoSftTHS. iftCiD, CSA2 0<± 
Hi^i: LT^Sgfi2 0 b©ffiiait:si:4*(aafcvr 

e f omztm? zmGLZ£.bz 0 

. [0 0 3 9] «tt|ft»jftr}|B|Bi BatRLTx tot 
fi8©-«*BI6ftffl^TlttBPirs. H6tt, ftttKfta 

6a©**^«ig^aLtlHlSSiaT*5 0 C 
SA 2 0©m*tt^»t:iStT±*f«SMAtA** 
ft. «a«t«fft:i§«*nfc!t, V>7;i,*-ji, mss 

s/Mizn&mmt Lxnmznz. i2ts#n&«Ett 



(6) 



[0 0 4 0] *JEe«ftSi4*J:vS6*«l!)@Bi 6 
ttWWaE«2 4l3i-DT«J»$n«. 3-& % $tjaj^ a2 
41112^82 4 a«J:v»)|jKl2 41>**ffiffll-f£ 

[o o 4 i ] m i tt, *Efffc-fe>tris]SS©iWE*Si-r* 

-f s h&zummznfo Ltz c s a 2 o ©a 

*«{45rat-^7 7T-^.S. ££TS G (i) uu £36 
SSIEifrigl 4*6^««ii 0ffl»iffB't:ffi**k*« 

hTfe!K t w , N<fct g 

**ifeftf*«»* 5 «j8S*2 0bt:^»-r4. R 
s t ttU-fey b** 0 ctHlA^ii^ffl^ftjft-r 
*-f 5 htfciK »^*«/W©i:SUHry h 

^2 0cW>$nscfctJ:D, «Blf?§2 0 
bfcwfcSii&mffirftaiotfcD, CSA2 Otf'Jty 
Smp (k) (kttgftSft) (tttttK&aD 

sst « c s a 2 ooaj^iffivsam^c*^ 
t, ^ttftr^«fflrs8»«i!)^0ain««f©»^fl-&3s 

dCTttVr ef fctlEWlI&frrs 
©fcLTSLT^S. Vr (k) (i!§k&©K*IR!)J3 
fctt* C S A 2 0 ©iB^7«{i, 5 ® 

[0042] MTvuftammm*. 2 4 c «t & *j® $ 
ft. ssu fctssn sec 2 4 b iz «t 5 frt.ft, idm 

MX ^ V«ff«SSttj££|BtKKB 2 4a fc«#S*iT« 

it^T+#/J*£oci:a>e, N *ft«R*««4UT**» 
«««Ci C»«*ftTV^«WftCttSEft36«3&^t,© 

[00 43] Sf N Mf 1 frB©tt*IR 0-fflJHoiKIttitiE 

±T©TFT 1 8A«*7tt«©**T*o«©H»«lt) 
■M^**afi-r« (Smp (0) ) o ±T©TFT18# 
*7tft5fflT, £©&*tt*8i-3&«ft (Vr 
(0) ) tt«ftS^^lgHi:-r5Sfi[Sfb©^-efe5„ 
fllSt2 0b©^M(lS:Cf Sm 

P (0) C*^Ttt*tt6ftfc»jaig©£H| j |{2 2*» 
e>©Sftm^©^fp(iCf • (Vr (0) -Vref) 
k«t-ifc4ST*, CftS*7-byHiiEflt©«!iaW[i: 

[0 0 4 4] MUfTBORfcfc&fflHCA*. ^ 

3WR1 O0*iffBtyw©fflt*4JUiA$n«Ci:t:J: 

(Smp (l) ) ^ff^SteVr (1) SfiEfta 
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(7) 



5 0 cft£«fctK JBl*©«E*8l5i^t:«aSS2 0b 

{;s«^nT^tmiffi(iCf • (Vr (1) -Vre 

f) iia-rcfc^t-^^o 

[0 0 4 5] ZZX\ JBllR©B£»9l5RfK:*^T!Bl 

6, JBl»wo«EWR!)«fK:*j|j , *iih««f«ft±E®* 

q (i) =cf • (Vr (1) -Vr 
= Cf • (Vr (1) -Vr 
•fctti. Q (1) *7-fey M*SE«Qo (1) 

Ci ©ftrt>6>©tttfS'C%!>« Jfcft.fcSiibT^S^l 

ffs©«*«?t*cffls-r*. tit,. -©ffiiE^nfc 

[0 0 4 6] CCT% ttlEfflJHCfcVvtJSlfxi©** 
^SCi fr6SittBbfc«?Sfi£#x.5o S«SSCi © 

liQ (i) #s«§mci cw*htv^;i:ci 
!k sagfici t«^bTv>feSia^ttQ (i) /c 

I (1) =Q (1) / (Cp • Ro) 
fcSt*. tfctf^t, fg0&©Sc^3tt>©H5©l>-fe^ 
*>6»0«©«Eft«D*"C©M©^M OKAKDMII) 
£To i:-f?>i: (JBk*©Bt»8lD©Sa©y-by h*»e> 
JBk*©B6»«lD*"e©IB©Rmi*»ToK:«LiO , tt 
IEHWC*i^TJBlffB©*«S«Ci frfcafcttibitm 
'ffiftttl (1) • To kfcSo 
[0 0 4 7] fcC, 5S2fTB©t*#ai?>HI»ifcA*. % 
2fTB©^S*9fc^lfrBi:l^£bTfi : fcft5o fc 
/fU »2ffB©R*«l!3ttf"5l5Ctt»lffI©«» 
Bl9tf"*""eC*Tl/tV**fc«fc. ^ Iff B©g«SmC 
1 Ctt**«l«c*©«SttS-=Ti^v>. *©fc«fc JB 

ifTa©^*^sci a»e>©«ft«tfct&£b-o^> 

fcfc%*UT*7-fe* hWiEttQo (2) fcHlft-fSifc 
gtf&So 8QEffl«SC*i^TSBlfifS©*«SSCi * 
6^tHbfe«^S(i. ±13©3iD I (1) •ToTfe? 
fc©T% *7-fe* HHIEttQo (2) * 
Qo (2) =Qo (1) -I (1) - To 
£MSrf 5o bfetf^T, §*§gC2 ©#*»&»■& b 
fc«8f, OifiE*nfc^-^«ffiQ (2) tt, 
Q (2) =Cf • (Vr (2) -Vref) -Qo 
(2) 

b&sbbhZx, St« ttiEfflWt;*JOTB«S*C2 *» 
6»8MiT^fc«* (iin««IB) I (2) J±, 

I (2) =Q (2) / (Cp • Ro) 



7-fc* hMIEfl©fflJ(Mrc**Cf • (Vr (0) -V 
ref) kLTtasrajKlHJBttawVi ^i?T 

lEtt) 4Qo (i) Qo (1) \tl 

Qo (1) =Cf • (Vr (0) -Vref ) 

^l&bfcm^S^Q (i) kfSi:* Q (1) tt, 
ef) -Qo (1) 
(0) ) 

[0 0 4 8] PffifttbT, &3fTg©K*SStD&fT-3£ 
tt;j;t), :f:7-fey HilEMQo (3) , ^-^mnSQ 

(3) , <snm»t<ai (3) it,' ^n-en, 

Qo (3) =Qo (2) - I (2) - To 
Q (3) =Cf • (Vr (3) -Vref) -Qo 
(3) 

I (3) =Q (3) / (Cp • Ro) 

[0 0 4 9] WTB»©iW^ft*nifTS*"Cl»!)«^"i 

©fclEtfRJtefcfc!^ ^©frW^-^WirSWacfc 
±E©*»t»iffit:plr>T-ll5Mb"r* 

Qo (i) =Qo (i-1) -I (i-D -To 
Q (i) =Cf • (Vr (i) -Vref) -Qo 
(i) 

I (i) =Q (i) / (Cp • Ro) 
fcfiU 

Qo (0) =Cf • (Vr (0) -Vref) 
I (0) =0 

ffctK S^WfMtffiS'-rs^-^WffttQ (i) 

[0 0 5 0] ^©HftDMS**** 1 *?"^^*^ 
WT© (1) &^b (4) i:&5. 

(1) «UEfflWtbT±"C©^-f y^-Ti-^^CttJB 

(2) fgifTB (i©ftW«ttl) ©HE»»DJHlH*fT 

J:CJ:»K fgifTBCf-**^* 91 ^"* 0 

(3) (2) "TfftJEdnfcftifTl©? 1 — **SfHi6"3. 

wC»"£if?B©S&£fiCi ^n.^S^^b-C 

651 < Ci: £ 7 -fey HiIEfi£5t#r1~ ; 5° 

(4) (2) iJiV (3) feWOSHDa-r-Ci*** 
2, 3, mkti) ci:£«fc!K SgifTB©^-* 
«tff*J«*»*bT±BiJlt2 2 ©7 s -* 

*o 051] tuts* ittjeaEWtfitoswc^t?^** 

. J¥fe«bfc*»©T?tt*<* SiftBlOSff^-ff©**^ 
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(8) 



*s. -tfttt, miifE<Dwm2 2(Dwm®&c l am 

*«©£*£, *CDmi?T3(DWm2 2<DWifr%l.t)Z-& 

[0 0 5 3] ±fr&#3 0 0 0fr (m=3 0 0 0) J: & 
>1fC*^T, mm 2 2CD««Ssi 7© 
SfiffiCp#2 [pF] „ *ifflj(i2 2CDTFT1 8©^- 
7£$tRo#0. 5X1012 [tf- A] Tfet(% 
M C i_ JU*©K«gi C 2 fc V> L C 30 ooC:3e«OS8itC: 

J:*fti^«»4qHi*n, s*ijfSfmffo. 1 [v] # 
*ssi 7-oa&e,o*n««Efl[i u) tt , 

I (i) =0. 1/0. 5x 1 012 
= 0. 2 [pA] 

t&So SE^t)^To^2 0 [/zs] 

-?©m<^Sl. 6X10-19 [C] fefli^T, 
(3 000-1) X0. 2 [p A ] X20 lusl / 
(1. 6X10-19 [ C ] ) =74 9 7 5 [*?ft] 
t&So -Tfcfc^ *lffOBteaLfflfflK*H-5jift 
•«CJ:5*7-by Hi, 1^)75 0 00 MRHR] 

[0 0 5 4] ftlfrOBBI^JaWUrft-a^ 
te*Wff«#l 0 0 0 0 T$5t|^f^ 
So £©h#, CSA2 0Ott»« l !)K:«tt)»6n 5W 
^{±85 0 0 0 fcfc^ ±!3*iE*fTtofcl* 

n«s 5 o o o m=fm «t oxtz/j^t^Ko^is 
(ioooo [m?m ) *»ai-es&^ 0 l*u * 

7tyhAS7 5 00 0 f $5tl^^± 

0 0 lW.?m ) *^7-byh (7 5 00 0 

W ) HKCfcCi!), iEtt&flHI (1 0 0 0 0 cm 

flR] ) ^SdfctfTtS. 

CO 0 5 5] C©»-££;fcv^ UtiEftfrfc-rtfiiSfc 
*«ft»4fc»ttt, *7tj»h (7 5 0 0 0 [m? 

[0 0 5 6] ±J3©*ME2fiSfc J: 6, fi^tza^njR 
2 2t*^TiEfil«e (»*«ffi£tfLT+»K£j&«/h£ 

^) r-^f^fis^^u^ MlEfCiSf^ 



[0 0 5 7] ST, ttiEfflI»*»6>JBM*ffltt»3i5HJH 
Sm -tEfcR|«©»ftfte-5. ft0#©SS 

(0) *l**SJ8M*ST©K^i>»fl:C 

SKffil (i-1) fefflV^TJBiffao^-^^Q 
(i) 

[0 0 5 8] ^ ft (M+i) fTBeottmbmmtz 

ASsuds *0«©ttiEfl«iii : B|« ottiEWMfeff5o 
*T©^Y y^Tj #*7©tt»TK#jR5»- 

0 (M+l) ZmETZ 0 ttiEL&*7-byh 
*fIE<I£^Tft (M+l) ffg^e,B2MfrgST-© 
«»«t)«JHfefT5. -f UTs ft (2M+1) frSOK 
*3l5«l»t:ASSJt:t,, ttjEfflWftffddfcCiD^- 
7*yh*KEtt©ttIEfcfTi\ JMTH«©»ffft«!)jg 

[0 05 9] Ztl*±tR (1) fc OL ( 3 ) 

x-mmrtitt, (d 51 ( 2 ) * j: v 

(3) SM|3*&jgLfT3fclOH*Z>*rafei|?>«*- 

(fcCU i{±l^e.m*T-/«^tiiD-rs) fc^-Jci; 
T-feS. 

[0 0 6 0] ^nti «t & , ±E©ssa©*j|[tt«*-tM 

< ^"S C i:dJT-§ So M©*/jxtttt l T -fc 
KfcSo M©*^ttfT©tt8refcSm-ea!>, ifttt 

[0061] *mmmm&£v*mm(DBm<Dmm 

W±©«ff{z^{;Jfij^-ctlSfcltT{±^^ 0 mftSS* 
« 0 0SS 1 6 a ©McS^KWK 0 ^ffi©^iH^^ if lz 

[0 0 6 2] 

ii<t-b >^©^-^^^^i±, 2 mnrnmrnvmrn 

•fe>tf©:r-*fflS3&iS?a-; T% SE^Ol!,^©^ 

c 5ti-3"Ciy$-©aE»wR!)fljjisini,Bci:t:j:?)^- 
M«iEfle[©fflJH(tftifag^jgi^y r ^ ft 

2^^.y7-i; % B2^^^7-T-^?tltftlfr©^- 
^«W«0>6* 1 ff 0B*#*7-b y h«iEffl(Z^#L 
Tl,ftlfci 5*l" ^©^"7-b-y MliEtt*e>ai,5K 




[0 0 6 3] znc«t»5x mtinffi£&Htz*7-bv 

otm?^SMIE"f -5^1 twit), lEfit&'^-^M&Jfc 

i*4«M&*tf*©J3»£*tt*»ft^**&** 

(SX, iffi&^-^fcm©^:^**^^*^^ 

siHfH: >it©^-**as:£i££Js«?'£ d h 

[0 0 6 4] WCS*fflX«HfWWK««C:»b 

S. *<D&m. ^C^fc«*©fll*felRLt***£ 
fci^Jft***"***. *fca»C» H-JUSE© 

?iE?i*f©£gyf £ «t 5 v&znz x«©«'.h9ift©tt 

T CT5 3 i: #7? § 3 £ ^ o * . 

[00 6 5] #3gf!§©ii #^ 2 t^Slffl^-b ^tJ-©^— 

.— ©K5*«lDfflWSftiit*ii:t:J:!)*7-ty MUM 

m 2 * r- * yxm& $ ntm i fr©5*- * wf •*» e> §s 

U $fe©*7**h*IE«*»&aL5l<£i:T*©fT© 

T«rfcCy^-©»W)lt)«UIB*#XU *£T»e»ft 
fcl»«ffc*;r v hMIE(ii©«]Wfii: l/CJ8v**J6 
4 7f-y7't, <t©fcfflfT©tt*8lBflMli£*i>*Ttt» 

'» 5 * 7"c^$nfca^fT©7 : -^sif s^e.^ 

»(f ©!!*<)»* 7 -fef M«Ettfc:*F-*LTHfc**fc£ 
U jfe©*7-by U*IEtt*»&«L§l<Zi:-C*©fc© 

' *. . - -. • 

[0 0 6 6] Clft!C«fc»K' *fft«UTW<WK»9l5* 
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l^fT-T 4 Jft*fflSBIlC^ 5 -©SlWd 6 ffl«B*» A-r s 
bfcMMA 5 , R»fllDffl*»>*Llcm>«*£ftS»£- 

y5.-©^mt)iiw^*ff-rsfev{i«#$ti 

[00 67] ^qS©tt^R 3 CffiSHfrb VU©^- 

#nfc«E*JRt)*k> KH6*K5tti:iSIK**i*IH*© 

©fc£#t"5!B^>1f©^-*$^3&T-&-3Ts t 1 

— *fe«**sRu m vf-m^^xxycDtmxm 
5Wi5tfT5WiH*>i*nu c©wmic»E^ai6nfc« 

flf***?* v hfci lEffili: LT*©JW!HC33lr*-ca*© 

So 

[0068] ^ncist, p,^ y?-m : ?-&±x*y(D 
bffiiEfB : £fflv>Tx aiiciigi©affia&SE»isi5Kt3M 

L fclEttaiBlft^— 9 £f# 5 - &X- H 5 1 V > -5 % 

[0 0 6 9] *^BJCDiS*lM4{z^2)li^-b>-y'©7 r — 
*ffla*Jfett, if*JS3©Bi^-fe>.-y-©7 i -^5QS^ 
C43V>T, 3Sk (ktt-2W±©S«») @B© 

!■*©«»» »)©««Ctt, SB (k-1) @B©R*aiD 

*fflv^TaT7-fcy MfiE«:fi-5c:fcK:J:0,.ie*H*5 s 

[0 0 7 0] cntiSts K^aitJ-fcT 8 — 

Sl^iffl^T 1 -^ c i: tf "C i 5 i:v>o«im^t- 
• 5. 

[0 0 7 1] #«E©»3JW5C«5H«-te>"*©7:- 

^fflS^Sttx §S5Ra3^fc(±4©ij^-t>1t©7 r -^ 

S:fToWP^$:l6(t-C, d©JW|!BCtt*Bie>ftfcWl?«ft 
d-7-fe MilEili: bTft©WIHt:*»i^riii*©«5* 

[0072] cntz^si:, BWflioftittja-rJfc+t 

fctcit), •3f 7 -b-y b«IEfSS:^©Sn«^fi-C-Mtf 
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[0 0 7 3] *«fl©»*a6t:«5BI«-b>-y-tt % fit 

«w i l 5©v^r^^*>{zl2«4CD7 ^ - ; J'i!LsW^$lJ 

» f 5 WMZim.* Iff S ffifigT- & 5 o 
[0 0 7 4] CftCfcSfc, #E©*7fla(t&#-r5fc 

C 0 0 7" 5 ] * fc, tt£eft£Xfi@ft&BrSB£*& 

mmmw. 5 ^ t # 5 t ^ $ s&^^-r 

[0 0 7 6] £e>iz % 7^-^>^?©*7fi^;g 
HftJ£<T4C act eta, mm±>V(D^. 

[0®©jgi*ifci£0,B] 

[01] ^^©fOiO-iBIBKilRSIBflHr^^©^- 

[04] 




K:^L&««fiBf&igiigg (csa) ©ai**ffitar 

[0 2] **U8©»fi©-^3Bt3iifisai«-b>-y©i|K 
0T-&5. 

[03] -IW*2Jfe7cfr5!H)|jaffliBflfe-b>-!f©«W||a 
[04] H.3t*Jj-«A-Aafl5aBfBfHT»*. 

[0 5 ] m?tm©SwMfc a cfibnitffiB&iwis 

(csa) ©**^«itsaLfeiaiS0T-i&s o 
[06] m®.mfrw.t)i£i&<D&*(fi}t£m7&&iLLtz®$& 

0T-&5. 

[07] «*©TFTi:*«$**^«,fci B *Sfct, 
©SwWR t) ©^fffi[HlSS0T* & 5 . 

[08] fg*©H»gi!)lfrft£©*-f s 
ZFttftiSftitttS (CSA) ®tt|*tffi&8ty77T 

[09] t^©««Bl0IRK:*V^TIH**»|*«l-5Tl> 
5 i: * ©^ffi|§SS0T-fe 5» 

[010] fie*©»fc»Hp»ff©^-f 
£CTOft*ffi&#£Lfe«ffilKf&lffl8 (CSA) ©ffi 

*«(4©»b6«r^7T?»s.- 

1 0 ^ffi^ (fjjd) 

1 2 KA%t>« (8MR) 

1 4 z£ffi&H&»§§ 

1 6 m?m.*)m&! (mtm&&i>&B0 

1 7 

18 i!f-7>^^ (TFT) (^WtfT-JR 

2 2 Big 

2 4 £iJ9}Jgg 

2 4a iaftisa 

2 4b SUSS 

4 8 m&-t>y- 
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